A crossover study design was used in five commercial dairy herds to study the effect of altering the switch point settings for automatic cluster remover units on the average duration of unit attachment, milk flow, and milk yield. Automatic cluster remover switch point settings were alternated, for 1-wk periods, between 0.50 and 0.64 kg/min (1.1 and 1.4 lb/min) in one herd and between 0.73 and 0.82 kg/min (1.6 and 1.8 lb/min) in the four remaining herds. Parlor data were captured at 329 separate milking sessions (range 39 to 92 per herd), representing 239,393 individual cow milkings.
INTRODUCTION
Milking efficiency is a limiting constraint to profitability on many dairies. While there are many factors influencing overall milking efficiency and parlor performance, individual cow production and duration of unit attachment are particularly important. One variable affecting milking duration is the end of milking flow setting, or switch point setting, for the automatic cluster remover units (ACR). The operating principle for ACR is to detach the unit once milk flow has dropped below a preset level, or switch point (kg/min). An additional adjustment, usually called the ACR delay time, determines how long (s) the unit remains attached after the switch point is reached. Factory defaults for the model of ACR used in this study were a flow rate of 0.32 kg/min (0.7 lb/min) and a delay time of 13 s (DEC, 1993) .
Field experience in commercial dairies suggests that deviating from the ACR factory default settings can decrease milking duration while maintaining the quality and volume of milk harvested (Reid and Stewart, 1997; Stewart et al., 1999) . For example, in a case study of a 430-cow dairy milking 3×, the ACR delay time was gradually reduced over a 45-d period from 12 to 3 s, and the ACR switch point setting was gradually increased from 0.32 to 0.59 kg/min (0.7 to 1.3 lb/min). These adjustments coincided with a reduction in average milking duration from 7.8 to 6.4 min per cow and a reduction in total milking time of 30 to 60 min per milking for the entire herd, with milk production staying constant between 38.6 and 39.5 kg/cow per day (85 and 87 lb/cow per day) (Reid and Stewart, 1997) . These timesavings allowed this particular herd to milk more cows with no increase in labor costs. However, because these types of case studies usually involved the changing of multiple factors affecting parlor performance, were performed under uncontrolled conditions, and only involved single herds, it is difficult to make inferences about the impact of specific interventions such as ACR switch point setting adjustments. In addition to this field experience, there is one report of a 36-wk clinical trial of 71 first-lactation heifers and a 12-wk clinical trial of 64 older cows, in which changing the ACR switch point settings from 0.2 to 0.4 kg/min (from 0.44 to 0.88 lb/min) resulted in reducing milking duration by 0.5 min with no reduction in milk yield (Rasmussen, 1993) . Research was necessary to determine whether similar responses to substantially higher ACR switch point adjustments could be achieved, in multiple commercial herds under relatively controlled conditions. The objective of the current study was to evaluate the effect of raising ACR switch point settings on measures influencing milking and parlor efficiency: average milking duration (min/cow), milk flow (kg/min) and milk yield (kg/cow). The goal of this study was to determine whether milking duration could be reduced without sacrificing the volume of milk harvested.
MATERIALS AND METHODS

Data Collection
A cooperative project was conducted between Dairy Equipment Company (DEC), Valley Agricultural Software (VAS), and the University of Minnesota. The project's primary goal was to provide dairymen with more reliable, relevant information to improve parlor management by improving the accuracy of the automatic identification system, increasing the resolution of existing data, and capturing additional data. The central components of this project were: Bou-Matic Provantage milk meters, automatic cluster removers, electronic cow identification, and 2045/2050 parlor controllers (Dairy Equipment Company, Madison, WI); and DairyCOMP305 herd management software (Valley Agricultural Software, Tulare, CA).
The system was implemented on five large commercial dairies in the Midwest. Herd sizes ranged between approximately 460 and 1300 milking cows. The herds were well managed with excellent equipment maintenance and good udder preparation procedures.
A field study was conducted during January 1999. Parlor data from the five systems were electronically downloaded to the University of Minnesota once weekly. The treatment of interest was to vary the ACR switch point setting for milking unit detachment. The study was performed using a crossover design with a target of these herds completed the switchback treatment twice (VH:H:VH:H or H:VH:H:VH) for a total of four treatment periods, while the remaining two herds completed each treatment level only once (VH:H or H:VH) for a total of two treatment periods. Because previous experience indicated there is little or no carryover effect after changing levels of treatment (i.e., outcomes change immediately following ACR setting adjustment), there was no 'washout' period assigned between successive treatment periods. Both the ACR delay time (set to 1 s) and system vacuum settings were held constant, within each herd, throughout the entire study period.
Statistical Analysis
Data were summarized at the herd level to describe, for each herd at each milking session, the average milking duration (min/cow), average milk yield (kg/cow), and average milk flow (kg/min) for that particular milking session. The three outcome variables of major interest, average milking duration (min/cow), average milk yield (kg/ cow) and average milk flow (kg/min) per milking session, were analyzed by linear regression using Proc GLM in SAS (version 8.0, 2000) . All three models included ACR treatment level (fixed), treatment period (1 thru 4) (fixed), milking period (AM, midday, PM) (fixed), herd (repeated), and herd × treatment interaction. An additional term, milk yield (kg/cow), was also offered into the model for milking duration, to control for the potential effects that changes in milk production over the course of the study could have on the relationship between ACR treatment and milking duration. Statistical significance was declared at a level of P < 0.05. Nonsignificant variables were removed by a backwards elimination process. Least-squares means and the standard error of the means were calculated for each of the three outcome measures, at both ACR treatment levels. These initial three models were created using the data combined from the second, third, fourth, and fifth herds. The data from the first herd was omitted from this initial analysis because both the absolute levels and the magnitude of the difference between the ACR settings were different for this herd (ACR at 0.50 and 0.64 kg/min (1.1 vs 1.4 lb/min) compared with the other four herds which alternated ACR settings between 0.73 and 0.82 kg/min (1.6 vs. 1.8 lb/min). However, because a treatment × herd interaction was found for some outcome variables, the data were subsequently stratified by herd and reanalyzed (i.e., reanalyzed each of the three models separately for each of the five individual herds).
Some mention should be made of the decision to analyze the data at the herd level (i.e., herd average performance per milking session) and not the cow level. While arguments can be made for either approach, it is most appropriate in studies of this nature that the unit of analysis be that level at which the treatment is imposed (or can be changed). Because the ACR switch point setting can only be changed between subsequent milking sessions, and because these changes affect the entire milking system (i.e., cannot make an ACR setting change to just a single milking unit), then it is arguable that the treatment here was applied at the herd level. Herdlevel analysis is also more consistent with the practical level at which producers interpret data describing parlor performance: It is the entire group's performance that must be improved, and not just the performance of individual cows within the group, for a practically meaningful improvement in parlor efficiency to be measured.
RESULTS
The five study herds milked an average of 728 cows (SD = 308; range = 428 to 1344) at any given milking session during the study period. Parlor data were captured, summarized, and analyzed from 329 separate milking sessions (range 39 to 92 milking sessions per herd), representing 239,393 individual cow milkings. Herds recorded an average of 21 milking sessions in a given treatment period at a single ACR setting (SD = 8.3; range = 7 to 31). Milk flow (kg/min) was calculated by dividing the milk yield by milking duration, for each cow at each milking. The mean milk yield (kg/cow), milking duration (min/cow), and milk flow (kg/min) for all herds over the entire project period were 12.85 kg/cow (SD = 1.76, range = 8.06 to 16.40), 5.14 min/cow (SD = 0.53, range = 4.1 to 6.8), and 2.55 kg/min (SD = 0.24, range = 1.81 to 2.99), respectively. A description of the raw (unadjusted) data for each herd and for each ACR switch point setting is provided in Table 1 .
Regression analysis of data combined from herds 2 through 5 showed that, while the ACR treatment was associated with a significant reduction in average milking duration (estimate = −0.25 min/cow (15 s/cow), SE = 0.029, P-value < 0.0001), a significant ACR treatment × herd interaction effect was also present. Other variables Journal of Dairy Science Vol. 85, No. 4, 2002 remaining in this model included milking number (AM, midday, PM) and average milk yield (kg/cow) for that milking session. Subsequent reanalysis after stratification by herd (performed for all five herds individually) showed that increasing the ACR switch point setting was associated with a significant reduction in milking duration in four of the five herds (P < 0.05). In herds 1, 3, 4, and 5, the estimated net decrease in milking duration ranged between 0.17 and 0.26 min/cow (estimate: −10.2 to −15.6 s/cow) ( Table 2 ). However, there was no association between ACR treatment and duration for herd 2 (P > 0.05).
Regression analysis of milk flow data combined from herds 2 through 5 showed that increasing the ACR switch point setting was associated with a significant increase in average milk flow (kg/min) (estimate = 0.20 kg/min, SE = 0.03, P-value < 0.0001). Other significant variables remaining in this model included milking number and study period (P < 0.05), plus a tendency for an ACR treatment × herd interaction term (P = 0.10). Subsequent reanalysis after stratification by herd (performed for all five herds individually) showed that increasing the ACR switch point setting was associated with a significant but variable increase in flow rate among all five herds (P < 0.05), with the estimated responses in flow rate at the higher ACR setting ranging between +0.05 kg/min (herd 2) and +0.19 kg/min (herd 5) ( Table 2) .
Regression analysis of milk yield data combined from herds 2 through 5 showed a strong tendency for higher ACR switch point settings to have a positive effect on the average volume of milk harvested (kg/cow) (estimate = + 0.18 kg/cow, SE = 0.09, P-value = 0.063). Other variables remaining in this model included herd and milking number. Although an ACR treatment × herd interaction term was found not to be significant, previous models for the other two outcome variables of interest (milking duration and milk flow) had shown either a significant interaction or a tendency for an interaction to exist between ACR treatment × herd. As such, the milk yield data were subsequently stratified by herd and reana- lyzed for each of the five individual herds. Analysis after stratification of data by herd showed that increasing the ACR switch point setting was associated with a significant increase in milk harvested in the first two herds (estimates: + 0.31 to + 0.41 kg/cow per milking) (P < 0.05) ( Table 2 ). However, there was no association between ACR treatment and milk harvested in the remaining three herds (Table 2 ) (P > 0.05). Though not a major outcome of interest in this study, it should be noted that the ACR switch point setting had no effect on parlor turns per hour per milking session in any of the five herds studied (P > 0.05).
DISCUSSION
Previous studies of the relationship between ACR switch point settings and measures of parlor efficiency have been limited to case reports describing field observations in individual herds (Reid and Stewart, 1997; Stewart et al., 1999) a research environment (Rasmussen, 1993) . The current study is the first formal study of its kind performed in multiple commercial dairy herds and under field conditions. The results of the current field study, while varying among herds, were consistent with the findings of these previous reports. For four of the five herds, increasing the ACR switch point setting resulted in an estimated decrease in milking duration ranging between 10.2 and 15.6 s/cow, with either an increase or, at least no reduction, in milk yield.
Studying the effect of changing ACR switch point settings on milk flow (kg/min) was not a primary objective of this study, given that it is a calculated variable (milk flow = milk yield/milking duration) and given that it is not directly related to parlor performance. However, some discussion of the observed response in average milk flow per cow is warranted. In the current study, increasing the ACR switch point settings had the effect of significantly increasing average milk flow per cow, both in the analysis combining data from herds 2 thru 5 (P < 0.05), and for each individual herd (herds 1 through 5) in the herd-stratified analysis (P < 0.05) ( Table 2 ). The estimated (adjusted) increase in average milk flow at the higher switch point setting ranged between 0.05 and 0.19 kg/min across the five study herds. Of course, this result would be expected, assuming that total milk yield remained constant, because such adjustments to a higher ACR switch point setting should result in the milking units being removed earlier or "wetter," so decreasing the proportion of time spent in 'low flow'. Milk flow (kg/ min) can also be referred to as average flow rate, but this terminology should not be interpreted that the instantaneous flow rate of any cow was altered at any point.
Ultimately, it would be expected that reducing the average milking duration per cow would result in an improvement in the efficiency of parlor performance as measured by increased number of turns per hour. However, an increase in turns per hour was not observed for any of the herds in the current study. This was likely a reflection of the relatively small incremental differences between the two ACR settings studied within each herd, but could also have been affected by the presence of other unmeasured management-related bottlenecks to improving parlor performance. Opportunities for greater magnitudes of change in ACR switch point settings and subsequently, more dramatic improvements in parlor efficiency, exist in many commercial dairies where such fine-tuning of milking procedures and equipment has not already occurred (i.e., producers would initially adjust ACR switch point settings from low to moderate levels and, presumably, over time, would make changes of far greater magnitude between the initial and final settings than were implemented in this study). This type of study should be repeated, if possible, in herds starting at lower switch point settings and which make a greater incremental change in ACR levels over the course of the study.
In this field study, producer compliance in changing the ACR settings on scheduled days was not always perfect. As a result, the total number of milkings or days spent at high and low ACR settings were not always equal. However, this was not of great concern because the GLM procedure deals well with unbalanced data. An additional potential concern in performing a field study of this nature is whether changes in certain factors over time (e.g., average DIM, milk yield, feed changes, and parlor labor) could influence some of the outcome variables of interest, so producing incorrect inferences about the true effect of ACR treatment. These concerns were partially controlled for in that the crossover study design should have helped to control for the effects of changes in other potential predictor variables that could have occurred over the course of the 1-mo study period. Also, Journal of Dairy Science Vol. 85, No. 4, 2002 given the large and stable milking herd sizes observed, the average DIM would not have changed very much during the 1-mo study. Finally, models did control for milk production (kg/cow per milking) when we examined the effects of ACR treatment levels on the outcome of milking duration (min/cow per milking). It was of some concern that two of the five herds (herds 3 and 4) failed to complete the planned switchback twice during the study period. This could have impaired the study's ability to adequately control for potential confounding effects of some other factors when estimating the effect of ACR treatment on the outcomes of interest. However, concerns about the potential introduction of confounding are lessened by the fact that the treatment responses observed in herds 3 and 4 do not contradict those observed for the other three study herds.
While milking duration was the primary outcome of interest in this study, any reduction of milk yield would have been viewed as negative. The amount of milk harvested was not reduced, for any herd, at the higher ACR settings examined in this study. However, it cannot be concluded that the trend for increased milk production was caused directly by the higher ACR settings. In addition to improving milking efficiency, higher ACR switch point settings could result in less overmilking in some herds. While teat end condition and udder health were not outcomes of interest in the current study, the prevention of overmilking could also potentially lead to better teat end condition and improved udder health (Natzke et al., 1978; Mein et al., 1986; Osteras and Lund, 1988; Hamann, 1990; Hamann and Mein, 1990; Osteras et al., 1990; Hamann et al., 1994; Zecconi et al., 1996; Hillerton et al., 1999; Lewis et al., 2000) .
One word of caution is that ACR adjustments only be made when certain other conditions are already in place and functioning optimally: First, because settings vary considerably among different milking equipment systems, producers should work closely with the equipment dealer or a systems specialist. Next, an excellent udder preparation routine must already be in place and milking equipment should be well maintained and functioning to NMC standards (NMC, 1996) . Adjustments to ACR delay times or switch point settings should be made in small, gradual increments, followed by careful monitoring of the response. The normal procedure on farms has been to reduce the ACR delay time at the end of milking by 3-s intervals if this type of change is available with the particular equipment installed on the dairy. The ACR delay time can be reduced every 3 to 4 d until the desired delay point is reached. Once the delay time has been reduced, the switch point can be gradually and incrementally raised to the desired level (Reid and Stewart, 1997) . Field experience with the same equipment used in this study (Dairy Equipment Company, Madison, WI) has shown that the switch point can be raised by increments of only 0.09 to 0.14 kg/min per adjustment (0.2 to 0.3 lb/ min) without significantly impacting milk yields, assuming that other factors are correct (e.g., vacuum settings, udder preparation, and equipment function; Reid and Stewart, 1997) . Greater incremental changes per adjustment can have a negative impact for 3 to 5 milkings following the switch point adjustment. However, the reader should be reminded that there exist vast differences between various milking equipment systems, their units of measurement, and their relative flexibility in making such adjustments to ACR units. As such, these authors want to stress that producers should make adjustments to their own systems only after consulting and working closely with equipment dealers or specialists who are experts on their particular system, only when other milking management factors are working optimally, and only when responses to each adjustment are carefully monitored.
Responses to monitor after adjusting ACR delay times or switch point settings should include milk flow (kg/ min), milking duration (min/cow), and milk yield (kg/ cow), as well as spot-checking the completeness of milkout by using hand stripping to measure the volume of strippings milk left in quarters after units are removed. Unfortunately strippings milk yields were not measured, and so cannot be reported, for this study. Mein and Reid (1996) reported that if milking clusters are correctly designed, well maintained, and correctly applied and adjusted, then mean strip yields are typically less than about 0.25 L (about 0.5 lb) per cow. They suggested that a problem exists if strip yields average more than about 0.5 L (about 1 lb) per cow (Mein and Reid, 1996) .
CONCLUSIONS
An electronic parlor data capture system was used successfully to investigate the effects of various planned changes to system ACR switch point settings on milking efficiency and parlor performance. Raising the ACR switch point settings from "high" to "very high" had the effect of reducing the average milking duration between 10.2 and 15.6 s per cow in four herds and raised average milk flow by between 0.05 and 0.19 kg/min (0.11 and 0.42 lb/min) in all five study herds. There was no change in average duration of milking in the remaining single herd; however, perhaps because the "very high" treatment level was also associated with an increase of almost 3% in the mean milk yield per cow. Higher ACR settings did not have a negative effect on milk yield in any of the herds studied and, in fact, were associated with an Journal of Dairy Science Vol. 85, No. 4, 2002 increase in milk yield in two of the five herds. Decreasing milking duration while maintaining or increasing the volume of milk harvested should ultimately lead to improved milking efficiency and parlor performance. Modifying systems to increase ACR switch point settings offers an important potential opportunity to improve parlor efficiency in commercial dairy herds.
